


“/ W24 - -4
LA-UR -82-543 R el

MASTER

Los Alamos National Laboratory 18 operasied by the University of Calfornia for the Uniad States Deparimeni o! Energy under contract W.7405-ENG-36

1TLte  TRACER EXPERIMENTS IN EASTERN DEVONIAN SHALE

AUTHOR(S) THOE L. COOK, LEE F. BROWN, AND WAYNE R. MEADOWS

SUBMITTED TO  SOUTETY OF PETROLEUM ENGINEERS OF AIME
HELD MAY 16, 19820 rrrrssrcn, 1ra

g Ny coooara R UNLINITER

]
\

By accepiance o' thig arisle 1he publiaher recoygniles 1hal Ihe US Gowernmenl rgtaing & nonesciusive fuyaity e hcange to Pubip* o! teproduce
the pubhishea form a! thiy contr hul-or o' 1o g'low OINE‘s 10 do 80 for US Governmeni purposes

The Los Alamor Natona' Laborainry requesis INg" Ihe Dy Dhgher 1dentty TRig BINCIe B8 wOIh peiinrmed ynde’ 1he ausp:cos ot the s i Depariment ot Fnergy

Los AlSNOS Lo:Aamosatonaavaa


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


TRACER EXPERIMENTS IN EASTERN DEVONIAN SHALE

T. L. COOK, L. F. BROWN AND W. R. MEADOWS

EARTH AND SPACE SCIENCE DIVISION
GEUANALYSIS GROUP, ESS-5

LOS ALAMOS NATIONAL LABORATORY

CE

Gocamy of Peuraeum [ngrmrs of Am|

ABSTRACT

For the purpose of characterizing the properties
of the Eastern Devonian gas shale, & seven-day tracer
experiment was carried out fn August of 198] by the
Los Alamos National Laboratory ac part of the DOL’s
Offset=Well Test. Two wells had been drilled in a
Columbia Gas Company field in southeastern Ohio, esach
with a downhole separation of approximstely 120 feet
from an existing production well. The 1soceles
triangle formed by the three wells had an apex angle
of approximately 110 degrees. About 56,000 SCF of

nitrogen were injected into 8 producing zone located
at a depth of 3300 feet in one of ths wells. Gas was
then produced from the various wells at different

vetes and pressures for the duration of the test.
Both pressure and gas composition in the three wells
were monftored thoughout the test.

1NTRODUCT1OK

The efffcient recovery of
*ight formations awaits the {frplementattion  of
inproved stimulation techniques. Deteraination of
the appropriate method can he ansist~d by a better
understanding of the wmethane siorage and transport
within the rock. It was to shov how this Dbetter
understanding can be wsitstned that the Los Alamos
National Laboratory carried out a eeven-day tracer
experfment {n an easntern gas fileld as part of the
Departaent of Energy’'s Offuet Well Test.

wethane {rum many

The gas in the f1-1d tested 13 held ‘n Devontan

shale. Structurally, these shales consist of a low
porus ity wmatrix plerced throughout by & complex
netwe “  of fractures generally vertical reiative to

the horizontal bedding planes.
has been produced from Devonisa

A'though methane gas
shales in the
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Appalachian Basin for more than fifty years, there is
still a wide rance of opinion concerning the nature
of the underground storage of the gas. Stimulation
aethods for production wells vary, depending on
whether the methane is stored in the pores or in the
fractures. Jone of the purposes of the tracer test
was to determine the relative amounts of gar 1in the
different storage media.

The test was based on a conceptl orfiginally
proposed by Lincoln F. Elkins of Sohio 0!l Cormyanv,
It used an o0ld methane weil, which continues to be a
usefu]l production well even after eighteen years of
flow. In eddition, the experiment empluyed two new
welln drilled near the production well as part of the
DOL‘s Offset Well Test. In Elkins’s concept, a
tracer or tracers would be {njected {nto one of '
wells, and then this well back-produced, The
concentration-time behavior of the tracers in the
vell effluent would give information concerning the
storage characterjstics of the gas {n the shale.

In our test, we injected 56,000 SCI of
into one of the new wells and subsequently back-
produced this injectfon well, The old productton
well and the secund nev well vere allowed to flow at
retes su.ficient for chemical analysis. Raten were
somet imes  higher than this, due to leaks, but the
essential flow rares for all times could be
calculated. Sperlen-concentratlon and presnufe data
vere collected at all three wells throughout the
test,

nitrogen

BACKGROUND TO EXPERIMENT
Geology

Broad irtercontinental seas deposited the
wediments that make up the middle and Upper Devonlan
shales of Ohlo. Descending (rom the aurfuce, the
Devon{an ahale layers that occur tn southeartoern ODhio
are the Cleveland Menher, the Chargin Meaber, and the
Huron Menber.” The Huruon Member 1s dari-gray to black
in color and is the most highly organic of Lhe NDhio
Shales. The gas-produring zones are found in this
latter memher. The Huron shale {8 composed prilwarily
of aflt, clay, and carbuonaceous wmatter. The layer
contains [} netvork of tnterconnected vertical
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fractures. For the Hurca !lember {n Meigre Counry,
waere the test was performcd, the highest frequsncy
of parallel fractures has a N50°E to N60OPE trend.

Configuration

Two wells were drilled near 8 producing rethane
well, which 18 officially registered as Well 10050,
Well 10056 is referred to as Well C in the remainder
of this report. Well A was offset from Well C in a
direction parallel to the primary fracture trend
described above., Well B was offset :'rom Well C in a
direction approximately perpendicular to the trend.
Figure H shows the orientation and downhole
separation of the three wells. The angle ACB 1is
about 110° and rhe distarces AL and CB are 118 fr.

Each well was drilled to a cotal depth of about
3500 ft, which is near the base of the Huron Member.
The wmsjor gas producing cone lies in the interval
85-115 ft above the 3400 ft 1;ve1 in Wells A and C.
From presaure build-up tests’, we conclude that WYell
B i{s not in close communication with Wells A and C.
hole

Figure 2 summar{zes the configurstion {n

each well. Well C hus ¢ total depth of 3400 ft. The
well s cased to a depth of 2120 ft and has a
dispeter of 7 inches. Below this level the hole {s

uncased, having a nominal 6 1/4 {n. diameter. The
lower 200 ft aof the well was shot loaded with
nitroglycerin to enhance comminication with the
natural fracture network. Steel tubing having an
inside dlameter of 2.05 in. was {inserted from the
surface to a depth of 3400 ft. The lower 100 ft of
the tubing Is slotted to allow gas flow into tne
string. Figure 2b shows an enlarged vie< of the
lower 170 ft of well C. A downhole pressure package
a.d supporting wire cable are also shown.

Wells A and P have
cased to a depth of 2100 frv. The total depth
A (s Y4B fr; of Well B, 3478 ft. A packer
in Well A at a depth of 3315 ft, and tuhing
diameter of 2.05 {n. wan Inserted fron th: surface
through the center of the packer. No cenira. tubing
string was Inserted f{nto Well B. Figures 2c and 2d
show downhole pipe configuratinne for Welln A and B
respectlively.

and are
of Well
was set
with a

8 In, diimeters

Instrument at lon

The experiment consinted of two jrinc.pal
phanes; an {njection phane «nd a back=pr duction
phare, both faplemunted at Well A. Pressute and
concentration time histories were meagured at various
locatfons throughout the test. The ((nitisl and
boundary conditinne were carefully selected and
aonitored s0 that (he (Introduction of possihle

amhiguitien {n the data could be minimized. It was
felt that the unambliguious Interpretation of the
results required a contlnuous Injectlon phase. This

s, 1f Injection were Interrupied for some reassun ur
another, we would proceed fwmediately to  buck
production, phane 2. Loglatical arrangemacnts

perwitted the uninterrupted fnjectton of Ny for 9-3/4

hru at a constant wellhead pressure of 650 psi,

This pressure was sel=cted fur three reasone
Fitat, {t llen well bhelow the virgin reservolr
preasure before drilling (800 patl) sud would
thereture be unlikely to alter the eainting fracture
netwaork, Second, It lies sufficiently above the

shut-in pressure (400 psi) of the reservoir to force
the tracer gas into the pore space, if such a storage

potential exists. Third, it iier safely below the
maximum pr:ssure-differential constraints of the
packer, set In Well A to isolate the na jor
gas=producing zone. Based on pressure and
temperature data and on the respective N tube
trailer volumes, the tntal amount of N2 injected was

calculated to be 56,000 SCF.

At the start of Well A

phase 2, was
back-produced through a preseure regulator. When the
pressure at ihe wellhead had dropped to 100 psi, the

regulator was odjusted to maintain this presaure for
tne remainder of the test. A small amount of gas (80
SCFH) was drwwn off and run through the sampling
lines of the Los Alsmos {netrument trailer. The
experimental plan called for the flow 1t Wells C and
B to be restricted to 80 SCFH; however, thls tundary

condition was not fulfilled bocause of a slow leak
around & coupling near he Dbase of the Well B
christmas tree and because of a profusely and

sporadically Jleaking rubber seal at Wwell C. A
compressed No-driven greaser was on locatior at wWell

C to prevent the lesk, but the grease geal wos
breached several times during the test. From the
data behavior, the flow rates from Well C during th
leak periuvds can be calculated with recsonable
accuracy. The leak at Well B was constant and while
not quantifiablc from wmeasured data, 1t offecs ro
real hindrance to our final ({nterpretations because

of the relatively low level of reservolir {nteraction
at B, These matters are discussed {n the data-sunmary
section below.

The computer-controlled, data-collection systen
was housed In a Los Alamos fnstrument traller. The
J2-ft srandard trailer war blocked and cribbed at a
locatlon midway between Wells A and B. An HP-9835
computer activated the gas sampling syitem and
recorded pressures. The systet extracted gas samples
from each wa'lhead 1in staggered sequenre or in any
order requested by the opuerator. The afnimun tine
required for a particular sample to be analvzed by
the gas chromatograph was twenty minutes; so ! all
three wells were being analyred, each well was
sampled once svery hour. Alternatively, a given well
could be se¢enpied three times cvery hour (f the
operator so denired. The HP-583A gas chrowmatograph
analyted the producticn sases and recorded the data
on a floppy dlsc. A hard copy of the aata wvas also
wade on a dats logger.

The traller was connected to the wells with
half=inch copper tubing, using the existing fittings
at the wallheada. Rellef valves ocutnide the traller
protectea its aeystem from the back-flow of high
presasure gas from the wells. All tubing {netde the
traller was stainless steel. In addition to the gan
sanple teken, slx independent pressure measurcments
were recorded by “ue HP-98313 every twenty minutes.
One pressure transducer was located I{n each of the
wellheads and ode {r the annulus of Well A for the
duratfon o! the test. The fifth transducer was used
{n the tube tratlev injection line during phrae 1.
The sinth Iransducer vas used part of the time iIn the
hack-flow line of Well A ass & eafety ({eature,
providing a means for identiying excessive pressure
butld-up.
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The Morgantown Energy Technology Center recorded
downhole pressures in Wells A and B, using two
Amerada RPG-3  gauges for continuous pressure
scribing. The gauge placed in well B had a 180-hr
clork and a peak presssure range of 1000 psig. The
ga ied in Well A had a l44-hr clock and a maximur
pres. range of 1500 psig. The gauges were pulled
from t. holes awaidway through the test, so the clocks
could bc ewound, and wvere then reinserted. These
pregsure .ecagsurempents were used as a check on the
wellhead pressures we recorded.

EXPERIMENTAL Kk SULTS
Precsure data

The wellhead pressures for the three wells
throughout the test are presented 1in Fig. 3. As
mentioned earlier, downhole pressures wcre recorded

by Morgantown Energy Technology Cenrer, and these
were consistent with the pressures given in Fig. 3.

The {injection period 18 clearly visible in the
Well A pressuves, followed by a very fast pressure
drop to the range of 100 pei. It remained there
throughout the rest of the experiment. Minor
fluctuations {n the pressure occurred during this
lutter pcriod, and the pressure was controlled
wanually by modifying the flow rate from the well.

The pressure in Well C (the old production well)
rose steadily aB nitrogen was I{njected, then
proceeded to fall as the {njectior well was back-
produced. Significant fluctuations {n Well C's
pressure occurred sporadically, indicating the
occurrence of the leak described earlier. The slow
pressure rises indicate the re-sealing of the well
and the temporary elimination of the leak.

Well B’s pressure trace merely shovws a steadly,
though rather minor, rise throughout the duration of
the experiment. The wminor nature of this pressure
rise {ndicates the lack of any seort of direci
connection between Wells A and C and Well B,

Nitrogen composition dara

The percentages of the nitrogen tracer {n the
three gases at the wellheads are prescented in Fig. 4.
It can be readily ohserved that there {s marked
structure in the data, and this augurs well for
significant analysls.

FUTURE HORK

The atage ia now set four analysis of the data.
fomput er codes have been developed for analyzing data

of this type, bssed on carefully formulated
nathematical wmodels. The detafled ({nterpretation
requires wmatching the results (rom these models to

the data presented above. The rock in characterized
by two basically different fores of porosity and
permeablility. One of theme describen the potentially
anisotropic and non-homogenrous network of fractures
that intarlaces about the wunfra-tured blocks. The
other describes the properties of the blocks
themselves.

The fundamental structure of our modeln {e based
on the principles of masw, momentum and energy
tranaport of tracer-laden coopressihble gan through a
porous and perneable material. For each new
{nvastigatfon a samall number of parameters miat be

specified to characterize the rock. 1In part these
can be measured by an analysis of samples from cores
or outcrops. In part they must be derived by a
careful comparison of calculational results with
field-test data. When the data and calculatioral
results closely match, then the parameters required
for the matching calculations can be corsidered to
characterize the roch properties. Moreover, the
results of the matching calculation will yield an
abundance of information that 1s wunovailable fron
field measurements.
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